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¥ACA ACR No. 6A30 CONFIDENTIAL
NATIONAL ADVISORY COKLITTEE FOR AERONAUTICS
ADVANCY CONFIDENTIAL REPORT

CRITICAL MACR NRUXBERS OF THIN AIRFOIL SECTIONS
WITH PLAIN FLAPS

By Max A, Henslet and Otway O'M, Pardee
SUMMARY

The oritical Mach number, as a function of lift ocoef-—
ficient, is determined for certain thin and moderately thiok
NACA low-drag airfolls, The results, which are given graphi-—
cally, include caloulations on the same airfoil sections with
Pplain flape for small flap deflections. Curvee are presented
indicating optimum eritical conditions for the nirfoils with
flape and are in a form so thnt they may be compared with
onrresponding results for zero flap deflsctions,

The calculations indicate that, through the use of plain
flaps, an increase may be realized in the lift—coefficlent
range for which the critical Mach number is in the region of
high vaiues characteristic of low—drag airfoils.

INTRODUCTION

The neoeseity of attaining higher epeedas and higher
altitudes in military aircraft has fecused increasing atten—
tion on the critical speeds of the airfoil sections used and,
as a result of inveatigations ooncerned with the calculation
of theses critical speeds, certnin praperties of favorable
airfoil sections have become known., For example, it is
possible to eay as a general conclusion that the type of
pressure distridution associated with low—drap airfoils is
one which is also favoratle to the production of high—critical—
speed characteristics, MNoreover, as pointed out in refer—
ence 1, the thickness ratio and the camber of a wing section
Play an lumportant role since ths maximum value of ecritical
Mach number decreases approximately linearly ms the carmdber
and thickness of an airfoil increases, It has therefore been
alpost inevitable that the airfoil sections used on recently
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denigned high—speed airoraft have had the type of pressure
distribution amsociatsd with the low—drag airfoll and have
been thinner than thoee used formerly.

Critical—speed curves, such as are given in reference 1.
show that the low—drag airfoil has a region of 1lift coef—
ficiente, more or less symmetricaily disposed with respeot
to the deaign 1ift ocoeffiolent, in which the critical Kach
nunber variation is emall, the maximum oriticel Huoh numbdber
being achieved within the region. Outside this eector,
which corresponds roughly to the lift—coefficient range for
which the low-drag properties of the airfoil hold, there is
a sharp decreree in the value of e¢ritical Mach number. It is
obvious that a partioularly advantageous situation exists if
it 18 possible to demign the wing section of an airplane so
that the high—ecritioal—spsed and low—drazs regions of the
wing extend beyond the lift—coefficient range for normal
operations., The difficulty of achieving this Las already
been encountered in the design of fighter aircraft where
demands on the maneuvorabtlility at high speeds are great.

Ths problem arises egain in the case of long~range bombers
aince, on extended flights with attendant fuel consumption

and with the accompanying disposal of bomd loads, the vari-
ation of 1ift coefficients reouired may be quite large. The
situation 1s particularly acute for jet—propelled bombers
eince high speeds are possible of attainment over a wide range
of altitude.

The theoretical results of reference 1 show quite clearly
that, as the thickness of an airfoll section decreases, the
maximum critical Mach number ie increnned but that this in-
crease 1s brought about at the expense ¢f the lift—coefficient
range for the high—-critical—-speed region. Thus, the high-
speed requirements in the design of an airplane may osll for
a thin wing eection while other specificatione may be such
that the extent of 1ift coefficients needed at high spesds
extends beyond the natural range of the airfoil, Ae a conse~
quence, it becomes highly desiradble to investigate any method
vheraby an exteneion of this range may be effected. Ono such
method which oould presumably be used for this purpose ie
the use of full-span plain flapa, for in this manner the
camber may be modified and the load distridbution over the air-
foil disposed so that the sharp growth of the pressure peak
near the nose ia restricted,

In the present report, calculations have been carried
cut at the reouest of the Air Teohnical Servioe Command,
U, 8§, Aray Air Forces, to determine the critical Maoh numbers,
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as & function of 1lift coefficients for the NACA 64—, 66—,

and 66~series low-drag airfoil seotions with thicknsss—chord
ratios equal to 0.06, 0,08, 0,10, and 0,12, Theee sections
have oonstant ideal 1ift coefficients of 0,2 at which 1lift

the lcad is dietributed uniformly over the chords. Another
portion of the theoretical calculations 18 devoted to the
determination of the critical ¥aoh numbers of these same
airfoil sections with plain flaps, for small flap deflections,
in an attempt to study tho effect of such flaps on the criti--
sal Maoh number curves of the airfoils,

An experimental investigation nas also been carried out,
under the same general ressarch program, to determine the
MKach nuabers at which the foroe and moment oharacteristios
of the sagne sections with flaps are divergent. Thies investiga—
tion is to be reported separately and will contain a compari-
son of the theoretical critical results with the experimentally
svaluated divergence Mach numbers.

A complete 1i1st ¢f symbols, as used throughout this report,
may be found in the appendix,

ANALYS IS

Computation of Critical Mach Number

It 1s now mn sstablished convantion to define the oritigal
Maoh number of a buvdy as ths Mach number of the frse stream
for which, at some point on the surface of the body, the
fluid first reaches a velocity equal to the locsl velocity
of sound. In an analogous manner the critical compressi—
bility speed is defined ans the free-stream speed corresponding
to that at which the critical Maoh number is attained, Ex—
perimental evidence, sbtained from the study of alrfoil
seotions, indicates that compression shocks are formed
looally on an airfoil surface soon after, if not coinci-
dental with, the attainment of Mach numbers corresponding to
the oritical speed. This shock, however, i1s not well defined
and, so far as can be observed, no strongly developed shock
front exists until the free-strenm Mach nuunber has risen some—
vhat sbovs its oritical value., It thus seems quite reason—
adle to assume, and this has been further substantiated by
experiment, that for airfoils of limited thickness the
oritical Meoh number furnishes a conservative approxi—
mation, for the designer, for the occurrence of the flow
breakdown which is assocliated with euper—~oritical speeds and
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produces the sudden changes in the airfcil characteristics
that are, in general, inimical to good airplane centrcl and
perferaance.

The critical Mach numbers in this report are canlculated
in the manner used in reference 1, Under the assumption
that the flow is isentrepic, the critical pressure coef—
ficient is given by the relatien

Y

Per ~ Po 2 _[r_2 A )7-1'_1]

= e

| (1)
L1 YHG, LT T2 Y+1

static pressure in the free streanm

pressure ccrresponding to sonie velocity at M
and cccurring at minimum preesure pecint

velocity of the free atream
velocity ef sound in the free streanm

critical Mach number, equal te V,/a, at critical
conditiens

ratio of specific heats (op/cv = 1.4)

density of the fluid in the free streanm

1 2
dynomic pressure ('Eoovo )

In order that ¥,. be related to the low—speed pressure
b md 4

ccefficient P4 -( y
e

3 it le necessary to express the
M=0

left-hand side of equation (1) in terme of Pyu_o and to this

end the Kidrm4n—Tsien formula (reference 2) has been used.
Bquating this result, evaluated at the critical walue of M,
te the right—hand eide of equation (1), gives the reguigite
expression
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2 (.2 v—1 Q%T Pu=o
= i — o — Hzr ) -1 =
YM oy

\yY41 Y-l RTL I Kgr PM=0

- 1=K .

1wJITNE, 2
(2)

For an airfoil, or am airfoll with flap, 1f 1t is
poseidbls to determine the preesure distribution for a given
low—epeed 1ift coefficient, then the critical Mach number
of the airfoll can be found by means of equation (2) together
with the value of pressure coefficlent at the minimum preseurs
point. As a reeult of such calculations, the critical Mach
number of an airfoil is found as a function of the low—epsed
eection 1ift coefficient, Cly=0* For design, however, 1t

ie highly desiradble to know the actual 11ft coefficient o1y

corresponding to the Mach number of flight. In refersnce U,
Glauert has developed the aprroximation

Cin=0

Egy ® =
J1-M2

ly

which does relate the low— and high—epesd 1ift coefficlients,
and in thie report the Glausrt correction has been applied.
Experimental observations show that the accuracy of thie
correction ie good for Mach numbers up through critical values.

Calculmntion of Fressurs Distributione
for Alrfoils with Flaps

The thsoretical calculation of airfoill pressure distribdbu~—
tione has besn outlined in reference 4, and in this reference
tabular data are given whereby the pressurs distributions may
be calculated immediately for all standard NACA airfoil sec—
tione with various types of camber lines., The velocity
digtribution over the airfoll is coneidered, in conformity

with present theory, to be forued fron three esparate nnd
independsnt parts:

1. That part of the velocity distribution aesociated
with the bYasic thicknsss form sst at zero angle
of attack
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2. That part of the distribution assooiated with the
design load of the oamber line

3. That part of the distribution associated with the
additional load distridution and related to the
angle of attaok of the airfoll

As & result of this theory it is posaibdle to exprsse
the pressure coefficient Fy,g 4in the ferm

v au _ Av, )' (3)

e = £+ 2+
Fy=0 = 1 (vo v, ¥,

v &u avg,

where =—, =—, 8nd =—— are velooity ratios cerresponding
Y Y Y

[ (] [
respecstively to parts 1, 2, and 3. Thie method has been used
throughout the preesent report for sirfoils with and without
flaps, and the airfoill data in reference 4 have been used in
2ll cases,

For an airfoil with plain flap it is necessary to find

Au av,

the effect cf the flap on the values of 7 and =
o °

and this can be best achieved by first calculating the ohange
in the load dietridbution over the airfoil which is drought
about by the flap deflection., In reference 5 thias prodlenm
has been treated in a semienmpirical feshion for the case of
conventional airtfoil sections, but the theory is not immedi-
ately applicable to low—drag airfoils and, for thie reascon,
a different approach is made modeled on the work of Glauer!
in reference 6 and Allen in reference 7.

It is an accepted practice to divide the chordwise 1liftg
distrivution F of an airfoil into two parts: (a) the so—
oslled "basic" 1ift distrib.tion Fyps which depende en camber—
line shape and is indenendent of the angle of attack; and (D)
the additional 1ift distriwution Pa, which is variadle with

angle of attack and in form is independent ef the cambaer—line
shape, Yhen the flap on an airfoil is deflected, the change
in 1ift dietridution is called the incremental 1ift distri-
bution Pa. and the two component parts are reepectively,
insremental baeic digtribution Pbs' and incremental

additional dietribution ’;5' It can be shown that the
CONFIDENTIAL
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incremental additiocnsl distribution due to the deflection of
the flap ie identical in form with the additional dietri-
butien for the alrfoll with flaps neutral, The ineremental
basioc distribution muet be evaluated, however, from a knowl-
edge of the airfoll eection, the nature of the flap, and the
flap deflection. The determination of this variation ie
therefore undesrtaken in the follewing paragrapha.

In conformity with the assumptions usually made in
thin—airfoil theory, the airfoil is replaced by ite mean
camber line. JYicure 1l showe the assumed camber line distri-
hutien produced by the deflection of the flap, the hinge point
of the flap lyinz between x; and xg, AF sapproximating

the chord—line of the airfeil, If =x 4s measured from
point A along AT and y 1s measured from A along a line normal
to AT, then in the figure

< <
AB is linear with eguation y=0 for 0 = x = x,

B0 is paradolie with eguation y = a:?+bx+d for

< <
Xy = X % xp

€D 1s linear with eguatien y-yg = —tan 8 (x-x35) for
< <

Xz = x = g
where a, b, and 4 are arbitrary coefficients and §
is the angle the flap is deflected. The parabolic eection
18 to extend over a very small portion of the camder line,
the axtent of this esction being determined later, and le
introduced to avoid the eharp break in slope which theoretiocally
would exist and the subsecuent requirerment of a singularity
ia the velocity and 1lift distribution at the hinge point.
This small portien between B and C may be thought of as a
fairing of the camber lin~ at the point of the sharp break
and 1s censigtent not only with the existence of a boundary
layer on the surface of the airfoll, for the layer hae a
tendency to iron ocut suech abrupt irregularities, but alse with
the geometry of the median line between the upper and lewver
surfaces of the airfolil.
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If the transformation

x® lo (1 — cos 8)
3

ie introduoed, the expressions fsr the slopes of the three
eectione may be written in the forms

s 0 fer O
2ax + b for

< <
G ooe § + H for 9, = 6 = ¥,
— tan 8§
< _ <
= =

~ A for 0, "

"where G, H, and A, are introduced for simplicity and
are defined by the above eguations.

Reference 7 establishes the relationship

048 ¢

”
=_].'J'Ez(°°t
2n o dx

- oot -e:%-é)dﬂ (s)

basic distribution fer infinitesimally thin airfoil
at ohordwiss station corresponding te 6 = .o

variadle of integration

value of @ at an arbitrary fixed point

slope ef camber line
ax

It 1s sbvious that this expression can de used in conjunection
with the slspes given in equations (4) to determine the
incremental basic distribution due to the flap deflection,
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The integration of the integral is straightforward and the
final result is

(orhb lin-;(ea'l' 0,)

o A
4)., = X% - 0) elnfo+ T in ein3(8,-02)

lin%(ﬂ;-ﬂo) :1n%(9;+3°)
#10208,-0,) eind(o,48,)

--—-1—(0 ooce 8 + E) 1n
o °

Yor a2 given flap deflection of § degrees the valus of
A 1is known and it merely remains to fix the ocoefficients
G and H and deternine &, and 8; 8o that ths theoretioal

incremental basic distridution is consistent with experiment.
Inpose now the oondition tkat at x = x, (6=6,) the paradola
has zero slope and a radius of curvature equal to r. This
requires that

e c
6=~ and H = — ~—— cos 6,,
2r 2r

Horeover, at x » x; (0 = 8,) the slope of the parabola muet
equal =A, thus

c
~ (cos 83 — cos 9,) = -\
2r .

and 1if 3, A, and 8, ars known, it is possidle to find
e

8,+0
82, Lettins the hinee point of the flap de at —35—3. the
parabols can be oriented so that ths values of @ at its
end points are symmetrically disposzed with respect to 0 at
the hinge point and for small flap deflections @, and @,
can bde found.

Using equation {6) and the derived valuss of the various
paraseters, a comparison was made between calculnted values
of incremsntal dmsic distridution and avalladle expsrimental
dats for small flap defleotions, It was found that when «r
was set equal to the thicknsss of the airfoil at the hinge
point the agreement was quite gnod over the sntire airfeil
surface and that at the hinge point, where maximum values
of Pys are attained, ths results were reasonably accurate
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te Justify the use of the theory to calculate critical Maoh
aunbers.

By the metheds of reference 7 it fellows that

Clyg = 2\ sin 05 + G(35-0,)+ % (sin 205~ ain 29,)
+ 2H(sin 83 — sin 0,) (7)
snd
01,y ¥ 2M(m=05) =2H(84~0,) —20(sin 6o~ sin 9,) (8)
vhers
c;b‘ incremental dasic 1ift ceefficient
%18 incremental additional 1ift coefficient

Since 8. -9, is small, for small deflections ef the flap,

it ig possible to approximaste equations (7) and (8) by simpler
expressione and this was done in the ocalculations. Under the
same assumption, the peak point of the incremental basic 1ift
distribution ie at the hinge point and can be approximated
quickly.

The relation between the velocity distribution and the
cherdwise 1ift distridution over the airfoil hag bdeen given
by Allen (reference 8) in tke ferm

1
(32) - vir;s (9)
Ve /y = 7
and 1
v =P
(=) - SIS A (10)
Ve 1 J17Pe™
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where

(;—) velooity over Upper surface of airfoi)
“y

(;—) velocity ever lover surfaoe of airfoil
o
L

Pf Preesure distridbution over base profile

P load dietridution over airfoi)

Since the contr
c¢alculated,
detarnined. _ ) €ive the low-
eng the airfoll;
the critieal 6peed of the
culating the contridbution
stribution te the v
on the eurface 1t is well te bdear in ming that
the expression €iven in equation (6) wasg derived

In reference
4 APpProximation

Honoc. it folilows that the incremental velocity aAssociated
rith this portien of the 11f¢ distribution ie given by

zong. The final form of squatien (3) may therefore be

written aps

v Au Av 1 Y
P -— % 8u . 4:-;)
xgo'l-(vo V. v, g °Fva

du
where ;—- is determineq from the design load of the bagig
-]

1
camber line apq :Pbs le a functiop of the flap-chora ratio

and the deflectien angle of the flap.
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DISCUSSION OF RxSULTS

In figure 2 ars shewn the critical curves of a typical
airfoil section (NACA 65;~210) for various flap deflectione,
both pesitive and negative.

It ie to be observed that each critical curve 1s composed
0f three distinct purta: a eudbstantially flat top and twe
steep sides. Theee three portions cnrrespond to three differ—
ent conditions an the airfoil determining the minimum pressure
peak.

The thin airfeile considered are characterized by having
large ndditional velocities near the nose and but a moderate
rise in tre basic velocity distridution apvroacring the maxi-
mum—=velocity point. The combination results in a veloeity
distridbution which is doudble-pesked for 1lift coefficients
differing more than a small amount fros the demipgrn 1ift.

The velocity peak at the nose appears guddenly, the after
velocity peak still remaining: thnere is no continuous tran—
sition. For a certain range of 1ift coefficient about the
design 1ift the forward velocity peak ig less than the renr
ene; for ti:in range the critical Mach numbder is determined
by the velocities near the maximum—velocity point of the base
profile modified by the smnll additional velocities for this
region. Thia latter velocity penk will be terred the mid—
peak velocity te distinguish it from velocity peaks which
appear at hinee pointe on flapped sirfoils to be mentioned
later. This rance of 1ift coefficlent corresponds to the
top of the critical curve, The emall additional velocities
produce a near linear change in kach number with lift coef~—
fiecient, giving to the top a slight slove as shown in figure

At some 1ift coefficlent, tiie velocity at tre forwnrd
preseure peak becomes equal to the velccity at the midprcseure
peak; then for large increments of 1ift frem the design 1ift,
the peak velccity at the nose is the maxirum and changee
rapidly with change in 1ift coefficient due to the largze
additional velocitiee. The result is thet the critical Mach
number falls rapidly with increasing increment in 1ift coef-
ficient., The 1ift coefficient for which the veloecities at
the nose and midpressure peaks are eaunl is the point of
intersection of the top and tre side; it is the point at
which the abdsolute maximum velocity jumps from 2 vositionm
aft on the airfoil section to a point in the immediate
viecinity of the nose and will be denoted as the "declinatien
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point® on the critiosl curve. There are two such declination
points, for positive and negative 1ift increments. Por poei-
tive 1ift incresents the velocity peak at the nose apreanrs on
the upper surface; for negative 11ift increments it appears

on the lower surface.

Since airfoils with flaps are equivalent to the original
airfoi) with modified camber, the effect 1s to chesnge the
basio velocity distribution while leaving the asdditional
velocity dietribution the same. The critical curve, then,
for the flapped rirfoil is very eimilar to tihe unflapved
dbut shifted =2s a whole by Clyge The steep eides are

practically parallel, for the incremental basic velocity at
the noee iz negligible. The only appreciable chaness occurs
in the top and the declination points,

For flap deflectione small enough that the velocity peak
at tie hinre roint is less than the midpeak velocity, the
top of the criticnl curve will have essentially the same
slope, since the airfoill has the same additionnl velocitles,
but 1s sitifted up or down devenaing upon whether there is a
negative or positive flap deflection, The increment of 1lift
coefficient between the upper ard lower declination points
will conseguently vary.

For flap deflections large enough that the pressure wpeak
at the hinge point is preater than the midpeak pressure, the
top of the critical curve has a leseer slope than defore, the
additional velocities at the hinge point being less, It is
to be noted that for negotive flap deflections the peak
velocity at the hince point aprears on the lower surface
vhere the additional veloeity increment with 1ift coefficient
is negntive; conseauently, the top of the eriticul curve has
a reverscd elope to that of trhe unflapped and positively
flapped airfoils, This le clearly shown in figure 2.

The locus of the upper and lower critical Mach number
declination poinis together with the top of the critical
curve form whnt may be termed an "ontimum critical curve.®
All points on this curve correspond to flrp deflections fer
which, at a given 11ft ocoefficlient, the airfoll eection
achlevee the msximum posaible eritiecnl Mach numbder, as can
be seen in figure 2,

The extension of the region of high eritical Mach number
by meane of flaps ia done in two perts, The first, where the
hinge preesure peak 1s less than the mildpenk preseure, is a
near linear extenelion of the originsl curve. In thie regilon

CONFIDESTIAL




HACA ACR NBo, BA3ZO CONFIDENTIAL 14

e roasonable gain in 11ift coefficlent 1m realized without too
much seorifice in the eritical Mach numder. In the second
part, after the brearx, the hinge peak preioninates; the
spcrifice in critical Mach number for increased 1ift is
correscondingly grenter.

Ir figure 3 are shown the optinum critical curves for
the RACA 54—, 65—, and 66—seriles of airfolls having thickness-
chord ratios of 0,06, 0.C38, 0,10, and C.12 with 0,1Ce¢, 0.70c,
and 0.30c plain flapa. The critical curves of the original
airfoils without flaps (48=0) nre in each instanos shown as
dotted lines. The rsst of the critical curves for other flap
deflections are not shown, as was done in figure 2, but rather
only the locus of the declination points. Iheze loeil, as
noted previously, form orticur eriticnl curves for the given
airfoils with finps. Zachk of the curves in fi urs 3 has a
form directly anelogous to the optimum curve of figure 2,
heving the ty:icel extansion, for smaell flap deflections,
of the hizh—criticul—speed lift—coefficient rangs,

There are two predonminate variations to cnnsider: section
thicknesas and nirfoil farnily. By family, reference is made
to the position of ths velocity pesk on the base profile,
The curves show a general trerd to higher eritical ¥sch numbers
and smaller lift—coefficient ranges for the thinner sections.
The ertension of the lift—coefficient rnnge by means of flaps
shows this sams tendency though to a lesser degree, The
decrense in the extension of the 1ift—coefficient ranse for
the thinner eectiorns is the result of higher velocity pealke
at the hings point, together with a smaller variation in
velocity alongs the base profile s0 that the breal in tre
gurve occurs sooner, The larger neak velocities for the thin
sections ars due to the fasct that ths value of the peak
velocity variee inversely as the section thickness at the
hinge point,

The additional velocity distribations of all the 6—aeriee
airfolls considered are substantially the sane over the rear—
ward 50 percent of the chord, For this re=son, nll the slopss
of the tops of the critieal curvss in ary riven airfoil family
are eszentially ths same (cf. fig, 3(a) to 2(d)), The slovne
for different airfoil families will be different as indicated,
(ef. f1z. 7(a), 3(n), 3(1)) the elore decressing for a raar-—
ward movement of the maximum velocity point on the base
profils,

For the di1fferent famrilies a rearward moverment of the
maximum velocity peak is indicative of three charces in
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eection characteristics: a lover maximum velocity and flatter
profile velocity, greater additiomal velocitiee at the nose,
and a thicker section at the hinge point giving lower velocity
peaxs there. Thus, a reasrward movement in pressure perk re-
sults in slishtly higher critical speeds with, however, a
smaller range of 1ift coefficlent in the high critieal region
toget:ier with a smaller extension of this ranze by the flaps,

The extension of the critical curve of an airfoll by
means of flaps will vary with tke flap—chord ratio, the dif-
ferent optimuz critioal eurvee being, however, aguite eimilar,
A study of the curves given in figure 3 indicates that, of
the flaps considered, the 0.20c gives the best over—all re—
sults.

Ezperimente carried out in the Ames 1~ by Si—foot high—
speed tunrel, on airfoils eouipped with orifices for the
deterzination of pressure dlatributions, have given sone in-
sight into the valiaity of theoretical calculatione of
critical Mach numbers., The sections considered had thicknees—
chord ratios eaqual to 0.12 and 0.15, the results being com-
pared with those given in reference 1. It was found that,
throughout the high portion of the critical—-syeed curves for
the low—drag airfoils, excellert arreement was obtnined ax—
cept that the points of declinrtion of the curves were at
1ift coefricients somewhat bevond those predicted, especially
for the crse in which the peak pressure point was forward on
the upper surface. The source of this discrepancy is probably
twofold: some error exiats in the estimation of the true
1lift coefficient, mrnd the Xarman-—Tsien correction forrula
is erroneous in the in-ediate vicinity of the nose., It is
possible to derive u modification of the Glauert correction
for 13ft, Dy means of the Kirmdn—Tsaien pressure formula, and
the change urought sbout in lift coefficlent can be shown to
be in the right direction to agree with experiment. This
change, however, 1s small and somewhkat laborious to apply end
therefore wns not used. That errors in predicted pressures
should exint near the ncse of an airfoil follows from the
fact thut the Xarman-Tsien formula is postulated on the use
of a pressure-density relation which holds for conditions not
differins sre~tly from those in the free atream. Fear the
nose, in the vicinity of the stasnantion point, somae dis—
erepancy would be exnected to occur, and this 1s confirmed by
the experimental pressure distributions.

Considerntions of theory 2nd exparimentsl results both
indicate that the theoreticnl resulte are conservative. It
is to be expected, however, that, for airfoils with flaps,
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the predicted extenelions of the curves should be of the right
order of mngnitude.

CONCIUDING REHARKS

Theoretical ealculations ghow that the unee of plein flaps
on enirfoll sections 8 onsidered in the present re—
port will serve 3 1ably the range of the high—
eritical Mach number g ¢ of lov—drag air—
foils., It is to be exy gine t experimental
evidence 13 avanlilabdle derestimate

tre extent 4 the declination
points but the predicte this portion of the
curve, ghould be of the nitude.

Ames Aeronanticnl ) EATIICIE -5
¥ationsl Advisory Commit tes for Aeronnutiocs,
Moffett Fileld, Calif.
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APFINLIX

Liet of Symbols

velooity of gound in the free strean

ehord lensth of airfoil
section 1ift coefficlent

low-speed ssction 1if¢ coefficient
fnerenental additional 1ift coefficient

{ncremental basic 1ift coefficient

Naech nuaber (velocity divided by velocity of sound)

pressure coefficient B:Bi)
do

pressure gosffiecient under iow—lpeed conditions

pressure~coeff1cient distridution over tase profile

ohordwise lift digstripution (aifference between pressure
coefficients on upper and lower surface of airfoil)

ehordwise 1ift dietridbution produced ¥y additional load
distridution

chordwiee 1ift distridution produced by basic oamber—
line loading

iperamental load distridbution produced by flap deflection

incremental additional load distribution produced by
flap delfection
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Pyps

[

incremental basic load distribution produced by flap
deflection

basic load distribution for infinitesimally thin airfoil

incremental basic load distribution for infinitesimally
thin airfolil

statlec pressure

dynamic pressure (%pv’)

radius of curvature

increment of lccal velocity produced by basic lift
distribution on airfoil

local veloecity

increment of local velocity produced by additional lift
distridbution on airfoll

velocity of the free stream

diatence along chord measured from lendines edge of
airfoll

ordinate of camber line measured from chord line
ratlio of specific heate (cp/cv = 1,4)

angle of flap deflection

variable defined by equation 2x = e¢(l — cos ©)
tangent of angle &

density

Subscripts

free~-stream conditions
eritical conditions
lower surface of the airfoll

upper surface of the alrfoil
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Figure 1l.- Equivalent camber line for airfoil with plain flap.
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